I. INTRODUCTION
Visual Evoked Potential is a kind of physiological electrical activity, which is transferred to the occipital visual cortex of the brain through visual pathway when visual organs are stimulated by flash or patterns. Depending on the variety of the flash stimulation frequencies, flash visual evoked potentials can be divided into transient visual evoked potential (TVEP) and steady-state visual evoked potential (SSVEP). The spectral components of SSVEP include the stimulation frequency and its harmonic frequencies. So the detection of SSVEP may have a very high signal to noise ratio (SNR) [1] , and is generally used in brain-machine interface (BCI) system in recent years [2] . Also because of the reaction of the state from the retina to the visual cortex neural pathways [3] , SSVEP is an important type of observation signal to study brain activities.
So far, whether it is transient or steady-state, visual evoked potential study and application are mostly concentrated on the relationship between the frequency of stimulator and response signals, rather than the change rate of stimulation frequency and evoked EEG signals. At present, there are researches starting to focus on brain's response with visual evoked potential when the stimulus frequency changes, like Jordi Bieger [4] , who adopted three different ways of stimulus frequency variation to observe if human brain can follow the stimulus frequency change timely and make a reasonable response even if the frequency change is accelerating. One of his purpose is to reduce the number of stimulus frequencies in BCI by changing the stimulus frequency in a certain way. Experiments confirmed that when the stimulus frequency changes from one to another, the steady-state VEP response can follow this change accurately and quickly. However, when the stimulus frequency grows linearly, how to detect and evaluate the corresponding change of VEP response (so called LFM-VEP) has become a problem which needs for prompt solving.
The spectrum of SSVEP has notable peaks on the stimulus frequencies, which are often described as the weight sum of sinusoidal fundamental signal and a set of harmonic signals [5] . And as we know, the linear FM signal is the generalization of a single frequency signal, steady-state signal is a special case of LFM signal when the chirp rate of the LFM signal is zero. While the previous study shows that LFM-VEP also contains a set of corresponding chirp component and harmonic signals, the relationship between VEP and the LFM stimulus signal has been preliminarily obtained by detecting and estimating the linear frequency modulation components in EEG utilizing Fractional Fourier Transform (FRFT), which has good focusing properties of LFM signals. The existing time-varying signal processing conclusions provide important inspiration and reference for this issue [6] . Based on the above motivation, this work designed a series of experiments in order to explore and verify the detection method of the LFM-VEP through time-frequency analysis, especially via FRFT.
II. PRINCIPLE OF LFM SIGNAL DETECTION USING FRFT

A. LFM Signal Detection based on FRFT
Fourier Transform (FT) is a classic tool to analysis and process stationary signal, but it appears incapable for nonstationary or time varying signals. FRFT, as a generalized form of the traditional Fourier Transform, can effectively estimate the frequency modulation rate, center frequency, amplitude and phase of LFM signal stimulation. Compared with the Wigner-Ville distribution, FRFT avoids the problems of cross-term in the analysis of multi-component LFM signals [7] . If parameter information of LFM-VEP can be detected accurately, the corresponding stimulus source can be effectively identified since LFM-VEP contains the LFM component of stimulus signal with same chirp rate, so it is beneficial to use LFM-VEP in BCI systems in terms of its (1) Use different LFM signals to modulate single LED flash to stimulate the user 'eyes every time, and then search the collected EEG on the FRFT order of 0-2 to find the order corresponding to the maximum peak, and calculate the present chirp rate of VEP to determine whether it is corresponding to the LED flash stimulus.
(2) A stimulus array composed of multiple LEDs with different LFM chirp rates, flash simultaneously to stimulate the user 'eyes. The user subjectively choose to watch one of the LEDs, then search the collected EEG on every FRFT order corresponding to every chirp rate of the LEDs respectively to find the order that the maximum peak appears, and to achieve recognition of the LED target. In this perspective, LFM-VEP can be applied to BCI system.
IV. EXPERIMENTAL RESULTS AND ANALYSIS
To generate the required LFM flash stimulation signals with different chirp rates and center frequencies, the stimulator we developed includes two parts: LFM signal generator based on FRGA and triode switch LED array driver circuit [10] . Using 32 lead EEG (international 10-20 standard) machine to record the experiment data, and the reference electrode was located in the mastoid position around ear, and storage Oz records of evoked potential data for the following analysis.
According to the experimental paradigm, the collected EEG data were preprocessed firstly to remove power-line interference and baseline wander, also superimposed and averaged to reduce the influence of spontaneous EEG, for the success of detection [6] . Figure 3(a) shows the Wigner distribution of the post-preprocessed signal with rate of 2Hz/s and Center frequency of 13Hz. In Wigner distribution, signal energy is accumulated, and appears linear shaped distribution, that is to say there are a set of LFM signals in the EEG. Considering the EEG signal is easy to be interfered, and has low SNR, the deviation is belong to an acceptable range. Therefore the VEP at this time includes a set of LFM signals corresponding to the stimulus signal, and the signal detection algorithm based on FRFT can effectively estimate the parameters of LFM-VEP and consequently the chirp rate parameters can be used to mark different LFM flash simulator, which provides possibility of application in BCI system.
In this experiment, the absolute deviation of chirp rate between stimulator and the detected result is in (0-0.065) Hz/s range, and the relative deviation is less than 6%. Figure 4 shows the fitting results from the experimental data. Fitting function is a linear function, and fitting line slope is 1.04. Because of the inverse relation of the deviation and sample size in a limit range [11] , increasing the number of samples may improve the fitting precision, like increasing stimulus chirp rate samples from 2-3Hz/s, and the slope of fitting line approaching to 1. Whereas the low SNR and existing deviation, the slop can be regarded as 1. Therefore, the LFM-VEP signal contains a set of chirp signals whose chirp rates are same as the stimulus signals. 
RATE
In a typical BCI system based on SSVEP, users selectively watch visual stimulus which are arranged in different locations and each flash in different stable frequencies. Because the response of the steady-state visual stimulation will cause the fundamental VEP signal which have same frequency with the stimulator, and harmonic VEP waves, the stimulus which is watched can be indentified through estimate the SSVEP frequency components. The target stands for the corresponding action in BCI system, so as to achieve the brain-machine control [12] . According to the above conclusion, under the condition of LFM signal simulation, the brain will generate evoked potential which has the same chirp rate as the LFM simulation. And the stimulation parameters can be detected through FRFT, from which the stimulus target can be determined, and thus the LFM signal can be used as the stimulation of brain-computer interface.
The existing BCI based on SSVEP is insufficient, the usually used SSVEP evoked by single frequency signal, is easier to be interfered by background EEG [13] . Because of their own properties ， LFM-VEP and FRFT weaken the interference of spontaneous EEG to some extent. What's more, single frequency signal is a special case of LFM signal, while FRFT is a generalization of the traditional FT, so as the generalized form of traditional BCI system based on SSVEP, the research of BCI system based on LFM-VEP is of great potential.
V. CONCLUSION
This article uses LFM flash signal as a new stimulus mode, and uses FRFT which has good focusing property for LFM signals to detect the VEP signal and estimate parameters. Similar to the SSVEP, LFM-VEP can also be described as weighted sum of a set of LFM signal. It may contain more information about brain function and visual pathway, and become a new kind of BCI control signal. Through the improvement of subsequent experiment method and signal processing algorithm, LFM-VEP must promote people's understanding of VEP and its applications in various fields.
